This paper examines the relationship between the Community Reinvestment Act (CRA) and bank branching patterns, measured by the risk of branch closure and the net loss of branches at the neighborhood level, in the aftermath of Great Recession. Between 2009 and 2017, there was a larger decline in the number of bank branches in lower-income neighborhoods than in more affluent ones, raising concerns about access to mainstream financial services. However, once we control for supply and demand factors that influence bank branching decisions, we find generally consistent evidence that the CRA is associated with a lower risk of branch closure, and the effects are stronger for neighborhoods with fewer branches, for larger banks, and for major metro areas. The CRA also reduces the risk of net bank losses in lower-income neighborhoods. The evidence from our analysis is consistent with the notion that the CRA helps banks meet the credit needs of underserved communities and populations by ensuring the continued presence of brickand-mortar branches.
Introduction
The U.S. bank branch network has shrunk significantly since the Great Recession. A number of factors are likely contributing to the losses in bank branches, including the lingering effects of the recession, the consolidation of the banking industry, and the rise of online and mobile banking (leading to decreased demand for physical branch services). The recent decline in bank branches, however, has raised concerns regarding its impact on access to financial services, especially considering that lower-income neighborhoods have seen a larger loss in branches than higher-income neighborhoods. There are concerns about the financial well-being of these communities, since research has shown that access to retail bank branches improves access to credit, especially to small business loans, and that the presence of local retail branches is more important in low-income neighborhoods, where information asymmetries may be larger. Branch closures may also contribute to the creation of "banking deserts" -neighborhoods with inadequate or no mainstream financial services -restricting access to credit and potentially increasing the use of payday lenders or other higher-cost financial service providers.
The importance of bank branches -and the services they provide -lies at the very heart of the Community Reinvestment Act (CRA). Enacted in 1977, the CRA requires depository institutions to meet the credit needs of their local communities, including low-and moderate-income (LMI) households and neighborhoods, consistent with safe and sound banking practices. Early advocates of the CRA argued that local bank branches were critical for community financial health and that institutions had an obligation to provide financial services (particularly mortgages) to residents in the surrounding neighborhoods. The original intent has been embodied in how banks are evaluated for CRA compliance: Regulators look at a bank's "assessment areas" -defined by where a bank has its branches or other physical presence -to gauge whether the bank is meeting the credit needs of the communities in which it does business. 1 The CRA also explicitly recognizes the importance of bank branches and financial services as part of the "service" test of the CRA examination, which primarily examines the geographic distribution of large banks' branches, as well as the record of opening and closing bank branches, particularly those that serve lower-income communities.
The shift toward online and mobile banking, however, has raised the question of whether the focus on bank branches as part of the CRA is warranted. If the Main Street model of banking is over, are bank branches and assessment areas still relevant? The Advance Notice of Proposed Rule-Making issued by the Office of the Comptroller of the Currency (2018) poses this question, asking whether banks should be allowed to extend their CRA activities to include a broader geographic scope. Many others, on the other hand, argue strongly for the importance of a bank presence in lower-income and rural communities. Despite the importance of branches to both the intent and implementation of the CRA, however, no studies (to the best of our knowledge) have focused explicitly on the relationship between the CRA and bank branch openings and closures.
This study seeks to fill that gap by examining the relationship between the CRA and bank branching, measured by the risk of branch closure and the change in the number of active branches in CRA-eligible neighborhoods during the post-Great Recession period (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) .
Specifically, we employ a regression discontinuity design to assess how branch openings and closures vary in neighborhoods just above and below the CRA eligibility threshold, controlling for a wide range of other factors that may also influence a bank's branching decisions. We focus our analysis on the traditional brick-and-mortar branches of banks and thrifts (financial institutions that are subject to the CRA) and limit the analysis to metropolitan areas, which are generally the focus of CRA exams.
We find that while there is a larger decline in the number of bank branches in lower-income neighborhoods than in more affluent ones, this difference can largely be explained by differences in banking industry factors (e.g., bank failures) and neighborhood-level demographic and economic conditions. Once we control for those factors, we find that CRA-eligible neighborhoods -defined as LMI neighborhoods with a median family income (MFI) of 80 percent or less of the area median family income (AMFI) -are associated with a lower risk of branch closures. Results suggest that in LMI neighborhoods, the CRA reduces the risk that a branch closes by over 8 percent. In addition, we find that the CRA reduces the net loss of bank branches in LMI neighborhoods by over 11 percent. Importantly, we find that this effect is larger in neighborhoods with fewer bank branches, suggesting that the CRA prevents low-income neighborhoods from becoming banking deserts. Since bank branches are still the primary vehicle for accessing a variety of financial services for many LMI households and small business owners, the evidence from our analysis is consistent with the notion that the CRA helps banks meet the credit needs of underserved communities and populations by ensuring the continued presence of brick-and-mortar branches.
This paper is organized as follows: Section 2 provides background information about bank branch closures and the CRA. Section 3 describes the data and methodology in more detail.
Section 4 presents the empirical results. Section 5 concludes the paper and discusses policy implications.
Background and Literature
While the recent wave of bank branch closures has been relatively dramatic, the total number of bank branches is still relatively high in historical terms. Furthermore, many banks are still investing in new retail outlets. Earlier descriptive analyses suggest that lower-income communities and rural areas are more susceptible to becoming so-called banking deserts (Morgan, Pinkovskiy, and Yang, 2016; NCRC, 2017) . The lack of access created by these deserts could cause high transaction costs for basic financial services, particularly when alternative financial service providers such as check cashers and payday lenders fill the financial services gap.
Research suggests that the presence of a bank branch may be particularly important in overcoming credit barriers in low-income communities. Economic research has hypothesized two major functions of physical bank branches: (1) reducing informational asymmetries through relationship lending; and (2) providing geographic proximity between lenders and borrowers (Lang and Nakamura, 1993; Avery et al., 1999; Sumit and Hauswald, 2010; Nguyen, 2019) . For banks, interpersonal interactions with customers allow them to gather socalled soft information on a customer, which is not easily captured by the criteria used in lenders' automated underwriting models. Soft information may also include knowledge about local economic conditions or trends, particularly nuanced differences across neighborhoods within a city. Soft information that comes from a bank's local presence could improve lenders' ability to identify creditworthy lower-income borrowers or small business owners who would otherwise be denied credit. In lower-income areas where customers are more likely to have lower credit score or thin credit files, informational frictions may make credit prohibitively expensive or outright rationed (Ergungor, 2010) . For borrowers, local branches provide opportunities for personal interactions with loan officers, which are essential in building the trust between borrowers and their financial institutions. Geographic distance between lenders and borrowers, however, raises these information costs. Research suggests that in neighborhoods without a local lender, the "market" for loans can fail; that is, some creditworthy borrowers may not be able to access a loan even if they travel to the next bank branch farther away (Brevoort and Hannan, 2006; Ergungor, 2010) .
Empirical studies, especially in research that examines the role of bank branches on small business lending, provide support for this theory. Based on data from 1999 to 2012, Nguyen (2019) finds that bank branch closings leads to a persistent decline in local small business lending: Annual originations fall almost 10 percent after a branch closing and remain depressed for up to six years. The effects are highly localized, dissipating within six miles, and are especially severe during the financial crisis. The decline in lending also has a sizable impact on the local economy, causing about a 2 percentage point decrease in employment growth rates. In another study, Brevoort and Hannan (2006) report that distance operates as a deterrent to small business lending, even within areas traditionally defined as local markets, and that distance is more of a deterrent for small banks than for larger organizations. The importance of local branches for small businesses is more pronounced likely because small business lending is more labor-intensive and dependent on soft information than other types of lending. Bank branch closings thus could have a negative effect on small business lending because a bank may lose its ability to gain more knowledge of the banking habits and savings behavior of small business owners via interactions at the branch level with bank personnel and deposit activity.
In contrast with small business lending, Nguyen finds that the effects of branch closures on mortgage lending are generally small and statistically insignificant (Nguyen, 2019) . However, other studies have posited that a local branch presence may similarly have a salutary effect on mortgage lending practices. For example, Ergungor (2010) finds a positive relationship between banks' branch presence in low-income neighborhoods and mortgage originations, and both Ergungor (2010) and Reid and Laderman (2011) have documented a negative relationship between the presence of a branch and the incidence of subprime lending.
Although more research is needed to understand the role of local branches -particularly with the rise of fintech lenders and online banking -the existing studies suggest that the presence of a branch matters and that the branch's presence may be more important in communities that have greater information asymmetries between banks and borrowers (Barr, 2005) .
Bank Branching and the CRA
Congress enacted the CRA in 1977 to address concerns about redlining and to ensure that banks were adequately serving the credit and other banking needs of their local communities, with an emphasis on geographic areas. The law requires federal bank agencies to assess banks' records in meeting the credit and banking needs in the "communities" in which banks are located. Although the original statute leaves the definition of "community" intentionally vague, the 1995 revisions to the CRA established that banks have an affirmative obligation to address the credit, investment, and service needs of areas in which they have bank branches. Since then, CRA examinations primarily assess banks' performance in lending, investments, and services in banks' assessment areas, generally the metropolitan statistical area (MSA) or county where a bank has branches and takes deposits. 2
The CRA could influence bank branching patterns in several -perhaps contradictory -ways.
On the one hand, the CRA encourages banks to maintain branches in LMI neighborhoods in order to ensure a positive rating. The CRA service test explicitly evaluates the distribution of bank branches across neighborhoods of different income levels, and regulators place particular emphasis on the institution's record of opening and closing branches in LMI neighborhoods. In addition, the presence of local branches could provide knowledge about local community development initiatives that could satisfy the bank's lending and investment requirements. On the other hand, the more restrictive requirements on branch exits may prevent lenders from opening any new branches in these neighborhoods in the first place. Opening a branch in a new MSA could also expand a bank's assessment area for CRA purposes; this regulatory cost could have a further dampening effect on branch openings. Banks may also have business reasons to close banks in LMI neighborhoods despite the CRA: LMI neighborhoods were hit harder by the foreclosure crisis and the subsequent recession, thereby reducing their demand for banking services. In addition, when banks exit certain lines of business, such as FHA lending or small business lending, the need for a local branch may be reduced. Because CRA activities need to be consistent with safe and sound banking practices, regulators will not downgrade a bank if it can show that a branch closing can be justified for business reasons.
To date, very little empirical work has focused on the CRA's role in shaping branch closingsin fact, except a few informative descriptive studies (e.g., Morgan et al., 2016) , we were unable to identify any studies that explicitly examine the CRA's impact on bank branching in a multivariate framework. Instead, the majority of existing studies on the effectiveness of the CRA have focused on bank lending activities (Getter, 2015) . Studies on the link between the CRA and mortgage lending activity generally suggest that the CRA has expanded access to credit in LMI communities, but the magnitude of the increase and the mechanisms of the impact of CRA are far from conclusive (Belsky, Schill, and Yezer, 2001; Avery, Bostic, and Canner, 2005; Gabriel and Rosenthal, 2009) . Two recent studies, Ding and Nakamura (2017) and Ringo (2017) , employ difference-in-differences approaches and use changes in the definitions of MSAs and metropolitan divisions (MDs) as the exogenous shock. These studies find positive CRA effects on home mortgage lending, with the effects being greater among lower-income tracts. Earlier studies have been less sanguine about the CRA's effects. For example, Dahl, Evanoff, and Spivey (2002) find that banking institutions that had their CRA ratings downgraded did not significantly alter their lending behaviors, suggesting that the CRA does not influence banks' decisions through the exam and rating process.
A few studies have examined the CRA's effects on small business lending. Bostic and Lee (2017) find that the number and dollar amount of small business loans were greater among CRAeligible tracts during 1996-2002 and 2012-2014, while small business lending lagged in those tracts between 2003 and 2011. Ding, Lee, and Bostic (2018) provide new evidence on the effectiveness of the CRA on small business lending by focusing on a sample of neighborhoods with changed CRA eligibility status across the country because of an exogenous policy shock in 2013. They provide evidence that the CRA promotes small business lending, especially in terms of number of loan originations, in lower-income neighborhoods. They also find that losing CRA eligibility status had a relatively larger effect on small business lending activities compared with newly gaining CRA eligibility.
In this study, we use a standard regression discontinuity design (RDD) model, which has often been used to evaluate the CRA's effectiveness on home mortgage lending (Avery and Brevoort, 2015; Bhutta, 2011; Gabriel and Rosenthal, 2008) and small business lending (Bostic and Lee, 2017) . We contribute to this literature by focusing on bank branching outcomes: (1) the risk of bank branch closure and (2) the net loss of bank branches at the neighborhood level. In the following section, we describe our data and empirical approach. instance, if a branch is present in year t but disappears in year t+1 and the years afterward, we consider this branch as being closed between year t and year t+1; in cases in which a branch is not present in year t (and the years before year t) but appears in year t+1, we consider this branch as a new opening between year t and year t+1. 4 We use these panel data to construct neighborhood-specific measures of bank presence, exit, entry, and net flow by identifying all active branches, branch openings, and branch closings in a particular neighborhood in a given year. Bank branches were geographically classified using the 3 According to SNL, the SOD data have been cleaned and verified in several ways: (1) SNL created a unique identifier for each individual branch that can be used to track the same branch over time;
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(2) SNL investigated and updated missing, incomplete, or erroneous addresses and regeocoded the location of all branches; and (3) SNL validated and updated the branch openings, closings, and merger and acquisition activities. As a result, there were generally no observation gaps and only a few hundred duplicates, and we have used our judgement to keep just the unique records in our final sample. 4 The SNL SOD data provide branch closing and opening dates for most but not all branches. Thus, relying on these closing or opening dates may miss a small number of branches.
2000 census tracts (2009) (2010) (2011) or the 2010 census tracts (2012-2017) corresponding to their branch addresses. Census tracts are designed to be economically and demographically homogenous geographies and serve as the immediate surrounding neighborhood of a bank branch. Census tracts are used as the primary geographical unit for aggregation, largely because communities as defined in the CRA are at the tract level.
We then merge these bank branch panel data with several other data sets. First, we merge the SOD data with the CRA data provided by the Federal Financial Institutions Examination Council (FFIEC) to identify whether a branch is located in a CRA-eligible tract in a given year. LMI tracts, also referred to CRA-eligible tracts, 5 are defined as those with an MFI below 80 percent of the MFI for the surrounding area (MSA, MD, or state nonmetro area). 6 It is important to note that the LMI status of a census tract may change over time, either because the neighborhood undergoes socioeconomic or boundary changes or because the AMFI changes. 7 For example, the LMI status of a neighborhood with an improved median income may move up from moderateincome (50-80 percent of AMFI) to middle-income (80-120 percent), while the status of a neighborhood with a drop in income may move down from middle-income to moderate-income when new census data are used to determine the LMI status of a neighborhood. Fortunately, our panel data approach allows us to capture the time-varying nature of CRA eligibility, which is a significant improvement from earlier cross-sectional regressions. We designate the LMI status of a tract based on 2000 census data for the 2009-2011 period, 2006-2010 American Community Survey (ACS) data for the 2012-2016 period, and 2011-2015 ACS data for 2017, consistent with regulatory guidance.
Second, we merge in additional census and ACS data to construct neighborhood-level controls that may influence the demand for banking services. We linearly interpolate the data for a wide array of neighborhood characteristics using the 2000 census data, the 2006-2010 ACS five-year estimates, and the 2011-2015 ACS five-year estimates. Third, to account for differences in commercial activity in a tract, we obtain the number of business establishments from the ZIP Code Business Patterns database from 2009 to 2016, linearly extrapolating the data for 2017. As the data set is reported at the ZIP code level, we convert the data into census tracts using the number of businesses as weights. Last, we download the list of failed banks during the study period from the Failed Bank List published by the FDIC and the information related to mergers and acquisitions (M&A) from the SNL database (SNL M&A). 8 The SNL M&A data include merger completion dates, the type of merger, and the firms involved in the merger, which we merge into our panel data set using the bank identifier that is available in both the SNL SOD data and the M&A data.
After constructing the panel data, we limit the sample in the following ways. First, we exclude all credit union branches from our analysis because credit unions are not subject to the CRA.
Second, we focus only on traditional brick-and-mortar branches that provide full banking services, instead of limited service, in-store branches, or other branch types, as brick-and-mortar branches are believed to be more effective than other branch types in addressing the information problem in LMI neighborhoods. Third, we limit our analysis to branches and neighborhoods in MSAs, and we exclude small census tracts (those with populations of less than 100) as well as tracts with missing data. Fourth, we exclude tracts that do not have any branches at the beginning of the study period (2009) . While this may lead to an underestimation of recently opened branches in new neighborhoods, it also reduces the risk that our results will be clouded by the high numbers of exclusively residential neighborhoods. Finally, we exclude banks that have only one branch in the branch-level regressions, because the likelihood of closure is essentially zero for these banks, unless they fail or are merged with another bank.
Empirical Approach
We use a standard regression discontinuity design (RDD) model to examine the role of the CRA in neighborhood bank branching decisions. One of the key features of the CRA is that the threshold for eligibility is clear: To be a CRA-eligible neighborhood, the MFI in a tract must be less than 80 percent of the AMFI. Given this regulatory framework, neighborhoods with median incomes slightly below and above the CRA threshold are theoretically quite similar, except for their CRA designation. This similarity enables us to view any discontinuities in outcomes at the threshold as the effects of the CRA.
We first investigate the effect of the CRA on banks' decisions to close a branch in a given year using the model specification, and the null hypothesis that we are testing is the CRA has no effect on bank branch closing:
where Y is the outcome of bank branch i of lender j from year t to year t+1 (equal to 1 if it is closed during that period). The primary variable of interest, LMI, is an indicator that is equal to 1 if the branch is located is a LMI neighborhood in year t and 0 otherwise. X is a vector of market and demographic characteristics at the tract level that are likely associated with the demand for services provided by bank branches. M&A includes two measures of bank consolidation: bank failures and bank mergers/acquisitions. BRANCH includes a measure of deposits at the branch level as an indicator for its financial viability (on a one-year lag), as well as the size of the lender measured by the total number of bank branches (categorical). 9 The model also includes MSA and yearly fixed effects to control for any market-or year-specific unobserved heterogeneity.
Standard errors are clustered at the MSA level. In all our models, we test three tract-level samples that vary in terms of the bandwidths around the 80 percent CRA eligibility threshold (all tracts, tracts that fall within 50-100 percent of AMFI, tracts that fall within 70-90 percent of AMFI, and tracts that fall within 75-85 percent of AMFI). 9 We also tried measuring bank size by the level of assets of the institution, and the results are quite consistent. Lenders are classified as "intermediate small institutions," "small institutions," and "large institutions," which are each subject to different levels of CRA examinations.
In addition to assessing the CRA's effect on a bank's decision to close a particular branch, we also examine its effect on the net flow of bank branches at the neighborhood level. From the perspective of ensuring that low-income households and neighborhoods have access to mainstream financial services, one branch out of many branches in a neighborhood closing may be less important than the closure of the last branch in the community, which could lead the neighborhood to become a banking desert. We investigate the relationship between the CRA and changes in bank branching at the tract level using a model that can be written as:
where Y is the outcome variable for tract i from year t to year t+1. We examine three interrelated outcomes: (1) the net loss in the number of branches per 10,000 residents, (2) Conceptually, there are two primary reasons a bank may consider closing a branch: a lack of demand for banking services and/or an oversupply of branches or competition within the banking network. To account for demand factors, we control for a set of neighborhood demographic characteristics that are likely associated with the demand for banking services, including the tract's total population (in log), total housing units (in log), homeownership rate, vacancy rate, share of high-income (>$75,000) households, share of college-educated adults, poverty rate, unemployment rate, median age, median rent (in log), and median property value (in log). To account for the demand for banking services from businesses, we control for the number of establishments per capita, which also allows us to distinguish between tracts with different levels of commercial activity.
On the supply side, we need to account for the consolidation in the industry, which resulted from either mergers of previously independent institutions or the failure of commercial banks and thrifts, since the financial crisis. After consolidation, a bank may seek to reduce expenses by closing branches in areas with oversupply of services or in locations with significant overlap in trade areas. In our branch-level model, we control for whether the parent institutions failed or underwent a merger or acquisition during a given year, as well as the distances from the branch to the next nearest branch by the same lender or by any lender. Because the raw branch deposit amount may have different importance for banks of different asset sizes, we constructed a ratio (b/B)/(1/N) to measure its financial viability (in log since the raw ratio has a long tail), where b is deposits at the branch, B is the institution's total deposits, and N is number of branches. In the tract-level model, we control for the share of branches experiencing bank failures or mergers and acquisitions from year t to year t+1, instead of a control at the lender level. We also include the initial number of bank branches (per capita) and the one-year lag of the amount of total deposits (per capita) in the tract to help account for changes in the number of branches due to a lagged response in previously overbanked or underbanked areas.
Empirical Results
We begin by presenting results from descriptive analysis of our sample. Confirming other studies, the data show that the number of bank branches operated by federally insured banks and thrifts (not including credit unions) dropped from 88,022 in 2009 to 79,872 in 2018 -a decline of 9.3 percent (Figure 1 ). Lower-income neighborhoods were hit the hardest: LMI tracts saw a decline in the number of bank branches of 11.1 percent, compared with a decline of 8.7 percent in non-LMI tracts. At the aggregate level, LMI neighborhoods accounted for about 28.7 percent of net losses in the number of bank branches since 2009, even though they accounted for only 24.0 percent of the total number of branches ( Figure 2) . The larger net losses in the number of bank branches, however, may reflect a larger decline in population and profitable business opportunities in lower-income neighborhoods, particularly after the recession.
However, when we focus on neighborhoods just below and above the CRA eligibility threshold of 80 percent of AMFI -those that fall between 70 and 90 percent of AMFI -we find that the net closure rate in LMI neighborhoods was actually slightly lower (10.9 percent) than in non-LMI neighborhoods (11.4 percent) ( Figure 2 ). The descriptive statistics in Figure 3 suggest that LMI neighborhoods experienced a similar level of decline in the number of bank branches before 2013 but a smaller decline afterward than more affluent tracts within the 70-90 percent of income range. This suggests that the CRA may have an impact, at least for neighborhoods in this narrower income range, on bank branching decisions. The question is whether this effect remains after controlling for other factors that might influence the decision to open or close a branch. Over this period, LMI tracts saw smaller numbers of bank branches closing, but non-LMI tracts saw more branch openings. However, after adjusting for population, LMI tracts saw a larger number of bank closures and net branch losses. Not surprisingly, when we limit the sample to tracts between 70 and 90 percent of AMI, the differences in bank branching between LMI and non-LMI tracts shrink considerably. 
Regression Discontinuity Analysis
Our first model explores the relationship between a branch being located in a LMI census tract and the likelihood that it closes. 11 Table 3 summarizes the results of the CRA's effects from four linear probability regressions using the branch panel data, based on four different neighborhood income bands. The outcome is the probability of being closed in a given year for a branch that was still active at the beginning of that year. The results provide consistent evidence that locating a branch in an LMI tract is associated with a lower risk of closure during the study period. The The closure of a single branch in a community with a concentration of bank branches may not be as worrisome for the financial access of existing residents. Of concern to policymakers are communities that have no bank branches and the closure of the last branch in a poor community, which can lead to suboptimal financial choices (e.g., the use of alternative financial providers like payday lenders) for existing residents and businesses. Moving away from a branch-level analysis to the neighborhood scale allows us to examine whether the CRA has an impact on bank branching decisions in an LMI tract at the aggregate level. Overall, these models suggest that the likelihood of branch closures, as well as the net loss of branches, is lower in LMI neighborhoods than in non-LMI neighborhoods. The reduced loss in bank branches in LMI neighborhoods can largely be explained by the reduced number of bank closures.
Heterogeneity in the CRA's Effects on Bank Branching
While the overall model results suggest that the CRA reduces the risk of branch closure and the net losses of branches in a neighborhood, the CRA's effects may vary over time or play out differently for rural areas or major metropolitan areas. In this section, we explore these questions further, assessing whether the effects of the CRA vary across lenders, neighborhoods, and regions, as well as over different study periods. In these analyses, we focus only on tracts that fall within the 70-90 percent of AMFI range as an illustration (Table 5) .
First, we explore whether the CRA reduces the likelihood of a neighborhood becoming a banking desert. LMI census tracts in our study sample on average have 2.2 branches. In tracts with just one or two branches, a single branch closure could have a significant effect on overall access to mainstream financial services compared with a branch closure in a neighborhood with more banks present. We ran regressions for branches in tracts with different numbers of existing branches (categorical: 1, 2-3, or 4+) to test whether the CRA has a larger effect in neighborhoods with fewer branches relative to other neighborhoods. The results demonstrate that the CRA has a significantly larger effect in neighborhoods with only one branch, where the CRA reduces the probability of branch closure by 0.5 percentage point (significant at 0.05 level). In contrast, the effects for tracts with 2-3 branches or 4 and more branches are smaller (and insignificant). This suggests that CRA exams serve their intended purpose: During a bank's CRA exam, regulators pay attention to whether a proposed branch closure in the neighborhood would result in a banking desert and often require banks to provide additional justification to ensure that the closure is warranted on the basis of the bank's safety and soundness.
Second, the results suggest the CRA's effect on branch closure is more significant among large banks and federally chartered banks, compared with small banks or state-chartered banks. As Table 5 shows, the CRA's effect on branch closure is meaningful and significant for large (-0.3 percentage points) and federally-chartered banks (-0.29 percent points), while the effect is statistically insignificant for smaller banks and less significant for state-chartered banks. The large, national banks are subject to greater scrutiny under the CRA, so it is unsurprising to observe a more significant effect among large banks and federally-chartered banks.
Third, we explore whether the CRA has a similar effect in nonmetro areas or rural areas. 12 Rural areas often lack banking services, and in many cases, rural areas fall outside what is known as the banks' "full scope" CRA exams, meaning that banks' activities in rural areas receive less regulatory scrutiny. We explore whether the CRA's effect differs for metro versus rural areas by adding the nonmetro tracts back into the sample and interacting the LMI variable with the metro dummy. Results suggest that the CRA's effects on branch closures are larger in metro areas (-0.21 percentage point) than in the non-LMI nonmetro tracts (-0.1 percentage point and statistically insignificant). We also explore whether geographic location is associated with different CRA effects by partitioning the sample by region and re-estimating the baseline regression. We find that the CRA has a larger effect (-0.6 percentage point) in the Northeast, but it is statistically insignificant in the three other regions.
Finally, we sought to assess whether there might be differences in the CRA's effects over time. However, our models do control for neighborhood characteristics (such as the share of collegeeducated residents, the share of high-income residents, and house values) that should help account for socioeconomic differences in online banking usage. While more research is needed, our analysis does suggest a significant CRA effect on bank branching decisions during a period of rapid bank branch closures.
Robustness Check
The decisions to narrow the final study sample, the specification of the regression model, as well as the construction of the outcome and control variables could all influence the findings. In addition to the results we present above, we conducted robustness checks to ensure that our modeling assumptions were not driving the results. Overall, the findings reported above hold up well to these robustness checks. For the sake of simplification, we only mention some general patterns from the additional robustness testing.
We have tried samples with different income ranges, such as a narrower range of 77-83 percent or a broader range of 60-100 percent. The results are quite consistent, except the CRA's effects become larger but less significant when smaller samples are used. When we adjust the population threshold (at least 100 residents in the tract) required to be included in the study, either by including more tracts (at least 50 residents in the tract) or excluding more tracts (at least 500 residents), the empirical results are qualitatively consistent. The CRA's effect becomes slightly smaller when neighborhoods with smaller populations are included, but it remains significant.
In terms of the model specification, when we control for only supply side factors or control for both supply and demand side factors but do not include the time dummies and MSA fixed effects, the CRA's effects are generally consistent in terms of the magnitude and significance of the coefficient of the LMI variable: Bank branches in LMI tracts are less likely to be closed, while the CRA's effects on the likelihood of bank openings remain largely insignificant (see Appendix A). In addition, although the outcome in the branch panel regression is a dichotomous variable, we use the linear probability model to facilitate the interpretation of the coefficients.
We replicated the analysis using a set of logistic regressions and the results are consistent with the linear model.
We also test whether our relative measure of branch changes (per 10,000 residents) as the dependent variable influences the results. We test whether changing the dependent variable to the absolute number of branch closures and openings makes a difference, and we find that the results of the CRA variable are consistent and become even more significant. As to the lender consolidation variables, we also have tried different lag periods (since it may take time for lenders to adjust their branching decisions after consolidation). When we control for one-or two-
year lagged M&A and bank failure variables, the results on the CRA variable remain largely the same. Overall, the generally consistent results from the various robustness checks give us confidence in our main findings.
Discussion
The CRA was designed to address concerns that banking institutions were not providing fair access to credit in lower-income and underserved neighborhoods, and it codified the importance of branches in helping residents overcome the financial disincentives and information constraints banks face in serving LMI areas. The banking branch network, however, has been shrinking in recent years, increasing the risk that lower-income neighborhoods will be left with more limited access to mainstream financial services.
Overall, the empirical results suggest that the CRA has motivated banks keep their branches open in LMI communities in the aftermath of the Great Recession; importantly, this effect is larger in neighborhoods with fewer branches. This has implications for contemporary debates about the continued salience of assessment areas, which are based on where bank branches are located. Our results suggest changing the way assessment areas are defined may have unintended consequences for bank branch coverage. Although we cannot assess the precise mechanism that leads to the CRA's effects in these models, it is possible (especially given the results for areas with fewer bank branches) that the CRA exam's focus on areas containing bank branches is an important factor in preventing the spread of banking deserts. This is particularly important, given research that has shown that branch closings may be more disruptive in lower-income communities (Ergungor, 2010) . The impact on small businesses is also of particular concern, given the role that small businesses play in generating jobs and economic activity as part of community development initiatives (Nguyen, 2019) .
This analysis also suggests avenues for future research. Overall, more research is needed to understand the mechanisms that underlie the salutary effects of local branch presence. As banks increasingly seek ways to reduce costs, it is likely that more of them will substitute technology such as ATMs or online and mobile banking for in-bank interactions. Understanding "what matters" about a branch could help identify alternative approaches to ensuring that technological shifts do not leave lower-income communities and borrowers behind. In addition, future research on the impact of the CRA on bank branches should consider how assessment areas are drawn and whether those areas influence branching behavior. In this paper, we have only examined the effect of CRA eligibility, instead of whether certain tracts fall within one or more banks' specific assessment areas, because of data constraints. Understanding how the distribution of assessment areas influences a bank's decisions regarding the location and opening/closing of branches, as well as exploring whether the CRA provides a disincentive for institutions to open bank branches in new metropolitan areas, would be valuable in evaluating the CRA's benefits and costs. Servon's (2017) ethnography of the payday lending industry also points to the value of more research that explores customers' experiences with financial services from a qualitative perspective.
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